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SKIN LESIONS OF LEPROMATOUS LEPROSY, TUBERCULOSIS, 
LEISHMANIASIS, AND LUPUS PERNIO 
A. C. McDouGALL, M.D., M.R.C.P ., AND D. C. SALTER, M.Sc. 
The Slade Hospital, Headington, Oxford, England 
The nasal and aural temperature patterns of 100 normal subjects have been investigated by 
infrared thermography, paying particular attention to possible errors of instrumentation and 
technique which may arise in such areas of complex morphology. 
Although by no means invariabl~ the pattern of themograms confirms that certain areas 
which are relatively cool are often affected in lepromatous leprosy, tuberculosis. leishmania-
sis, and lupus pernio. In lepromatous leprosy, low temperature appears to govern the 
localization of disease in most parts of the body, and the possible reasons for this are 
discussed. Thermography may have a place in the investigation of other skin diseases in 
which the distribution of lesions on the body surface is unexplained. 
In accounting for the development of lesions in 
human leprosy. Danielssen and Boeck [1 J and 
Hansen and Looft [2] refer to cold as having either 
a provocative or a localizing influence. Hutchinson 
[3] noted an association between tuberculosis of 
the skin and childblains, and Haxthausen [4] 
reviewed the whole subject of cold in relation to 
skin diseases, emphasising the injurious effects of 
exposure to cold or small cutaneous vessels. In 1929 
Hopkins, Denney, and Johansen [5] reported on 
the cutaneous distribution of lesions in 302 
patients with leprosy, concluding that certain 
anatomic areas such as the concha, orbital side of 
the nose, axilla, female inframammary fold, peri-
neum, scalp, nasolabial fold. and sulcus of the 
upper eyelid were relatively immune from disease, 
and attributed this to their "freedom from external 
irritants. " It was not however until 1956, in the 
face of continuing failure to grow M ycobacterium 
leprae in vitro, that Binford [61 suggested inoculat-
ing the cooler parts of experimental animals on the 
basis of his conviction that the bacillus thrives best 
in the superficial and thus cool tissues of the 
human patient. Subsequently Shepard reported 
successful bacillary growth in the foot pads of mice 
and in 1971 Kirchheimer and Storrs [7) showed 
that the nine-banded armadillo (Dasypus nouem-
cinctus Linn.), with a core body temperature of 
only 32 to 35° C, is highly susceptible and develops 
a disseminated and apparently lepromatous form 
of disease. 
Manuscript received May 20, 1976. accepted for publi-
cation July 26. 1976. 
Dr. McDougall was supported by grants from the 
Medical Research Council and the British Leprosy Relief 
Association (LEPRA). 
Reprint requests to: Dr. A. C. McDougall, The Coch-
rane Annexe, The Slade Hospital, Headington, Oxford 
OX3 7JH, England. 
Various aspects of the heavy nasal component in 
lepromatous leprosy have recently been empha-
sized [8,9] and the factors which might account for 
the localization in the nose of mycobacterial, 
leishmania!, and other infections, and of blood-
borne, nonviable particulate matter. have been 
studied in detail [10, 11 ]. Enna and Berghtholdt 
[12] have studied normal and lepromatous hand 
temperatures using AGA Thermovision equipment 
for infrared thermography. In the p resent paper we 
have used thermography to study temperature 
patterns of the nose and ears for 100 adult subjects, 
paying close attention to possible errors of 
instrumentation and technique, and have sought 
to relate our findings to some of the clinical 
manifestations of leprosy, tuberculosis, leish-
maniasis, and lupus pernio. 
MATEf{IALS A!\D METHODS 
The equipment used was an AGA Thermovis ion model 
652, in which a scanning camera focuses intrared radia-
tion from the subject onto an indium antimonide detec-
tor cooled by liquid nitrogen. The signal is processed and 
modulates the intensity of a cathode ray display screen to 
produce the termographic picture. This can be displayed 
such that hot areas appear brighter than cold areas, or 
vice versa. It is also possible to superimpose either one or 
two independent isotherms at any point across the tem-
perature range of the thermographic gray scale. These 
act as thermal contours and are seen as a bright speckling 
in all areas having temperatures within the temperature 
width of the isotherm, this being also variable. Thus an 
isotherm is. in fact, a thermal window, having a set width 
in temperature. The superimposition of isotherms upon 
the t hermogram facilitates the quantitative interpreta-
tion of the thermographic gray scale, which is otherwise a 
difficult and inaccurate procedure. However, such super-
imposition makes qualitative interpretation more dif-
ficult. The ability to display the isotherms alone was not 
used in this study since the resultant pattern is too highly 
dependent upon the obliquity of the skin to the optic axis 
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of the camera. The full-scale temperature range of the 
thermogram is variable and the range chosen is indicated 
at the side of the displayed picture. Beneath the picture 
the pure gray scale is shown, and isotherms if superim-
posed. The scale is calibrated in absolute values of 
temperature by reference to a standard black-body ther-
mal source (AGA type T C-1 for our work). The slow drift 
in black level noted by Berry and Yemm [13] was not 
found to be nearly rapid enough to be a significant hin-
drance; nevertheless. frequent recourse was taken to ob-
serving the reference source during the process of taking 
measurements. 
The 100 subjects were either those attending a wart 
clinic, or their accompanying relatives, or members of the 
staff of The Slade Hospital. There were 46 males and 54 
females. Five subjects were below 10 years of age, one 
was over 70 years, and the remainder were distributed 
uniformly by decade from 20 to 70 years. There was no 
relationship between age and the subsequent ly observed 
thermographic nasal pattern. The patients sat in an 
environmentally controlled room at 21 °C and 60% relative 
humidity, for 10 min in order to make the difference be-
tween skin and room temperatures as large as was com-
fortably tolerable. The equipment was adjusted such that 
the image of the face filled the display screen (5 x 6.5 
em): adjustment was made to the lowest displayed tem-
perature (black level). contrast (temperature range). and 
fme focusing to produce the most informative black-
gray- white (gray scale) gradation possible for each indi-
vidual. Change of black level or temperature range re-
quired reference to the standard black-body source to 
maintain known calibration. 
Following this procedure. a series of photographs was 
taken after remo,·ing the negative lens a t the front of the 
camera in order to record close-up views of the nose and 
ear (Figs. 1- 6). To avoid the calibration variation with 
subject distance (see Discussion). the secondary mirror of 
the ('amera was pos itioned at the close-up end of its range 
to give an overall minimum distance between subject and 
camera. The camera had been calibrated at this set 
distance. using the reference source, but without the 
front lens. The lens was removed during calibration s ince 
it is an absorber of infrared radiation that was not present 
when the camera was actually being used to record facial 
thermograms. 
With the use of an effectively fixed focus. the facial 
area of the subject had to be maneuvered into the focal 
plane. The variation of apparent emissivity with obliqui-
ty [l.J ]. and the reduction in the depth of field to about 5 
mm, required three standard thermographs of each 
subject. Outside this depth of field the decrease of focus 
was not so dependent upon distance as to invalidate 
thermograms of the ear. The first position thermo-
graphed was the inferior aspect of the nose. perpendicular 
to the line of the apex and the septum. The second was 
the lateral aspect of the nose. normally incidem to the 
plane of the frontal process of the maxilla and the upper 
nasal cartilage. The third was the external ear at an 
estimated average normal between the average plane of 
the concha and the average plane of the region of the 
antehelix. Finally. a more general view of the frontal 
aspect of the face was observed, made sem iquan titative 
by referring an isotherm to the reference source and 
switching out the isotherm before taking the picture. This 
picture was taken to show the degree of completeness of 
linking of cold areas across the bridge of the nose. 
Photographic recordings were made from the display 
screen using Polaroid Land Pack Film. type 105. positive/ 
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FrG. 1. Cold area over nasal bridge in a subject with 
apparently good peripheral circulation. White ~ hot. 
black = cold, with the contrast range from white to black 
representing a difference of 20° C, i.e., the gray scale is 
20° C wide. Thus the range of 10 units marked under the 
screen represents 2° C each. and the point marked 5 was 
in fact 33° C. A Class C nose (See Table 1). 
negative, ASA 75 (19 DIN) which has panchromatic (type 
B, daylight) spectral sensitivity and a resolution of 
160-180 lines/ rom for the negative and 20- 25 lines/ mm 
for the positive print. The standard development time for 
the positive is 30 sec at zooc room temperature, requir-
ing adjustment at other temperatures. The negative is 
developed in daylight using 12% by weight sodium sulfite 
solution, followed by immersion in 25%, ' 'Kodafix" and 
final wetting in Kodak ' 'Photo-Flo"; all solutions should 
ideally be at 18 to 24 ° C. The camera aperture in all cases 
was {5.6 and the exposure time 1 sec. The long exposure 
introduces the possibility of convective or motional dis-
turbances. but it has the advantage of integrating 16 
frames of the thermographic display, producing a better 
picture due to the interlacing of the scanning lines. 
RESULT 
The general examination findings in the 100 
subjects of this study are shown in Table I. The 11 
subjects in Group A represent a generally cold type 
of nose, showing on the thermogram to be progres-
sively darker and thus colder from the upper bridge 
towa-rds the tip. The remaining 89 had patterns 
which could be well differentiated into black, gray, 
and white at a relatively narrow temperature 
range, e.g., 20°C across the gray scale. Among 
these 89 were 10 (Group C) in whom this higher 
degree of acral temperature homogeneity was par-
ticularly marked, and some of these photogenic 
Group C subjects are thermographically shown in 
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FIG. 2. Lateral view of nose showing cold bridge and 
ala. Gray scale now 10° C wide, and isotherms added. set 
ar 5 which was 33° C, and 4, which was 32° C. Class B. 
FIG. 3. Inferior aspect of nose with a warm tip and 
cold alae; same subject as Fig. 1. Gray scale 20° C wide, 
the scale point 4.8 corresponding to 33° C. Class C. 
Figures 1- 6. From the 100 subjects examined we 
have attempted a thermal classification by region 
t his is shown in Table II. The ear was remarkably 
constant in its t hermographic appearances, the 
helix being cold in a ll subjects, a lthough occasion-
ally showing warmer parts, for example near the 
Vr1l. 68, No. I 
auricular tubercle. The antehelix was also cold, and 
the triangular fossa warmer, the concha much 
warmer, and the external auditory meatus warm-
est of all. The ear lobe in all subjects was cold , 
despite its good vascularization. The nose varied 
considerably from subject to subject but. usually 
FIG. 4. A similar subject "-ith isotherm superimposed 
and set at 32° C. Gray scale 20° C wide. Class B. 
FIG. 5. Inferior aspect of a Class A nose with a cold 
tip. Poor peripheral circulation, to obtain a non-harsh 
picture contrast t he gray scale width had to be raised to 
50° C, and 5.4 on the scale is actually 33° C. 
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FIG. 6. The normal ear with an isotherm superim-
posed at 27° C to s how the cold helix. and another at 33° 
c. 
TABLE I. Nasal thermographic patterns in 100 patients 
Groups A to C represent a progression towards greater 
homogeneity of acral temperature. and thus presumably 
toward5 better acral ci rculation. 
Gwup Paltern :'>lumber 
A Unvarying, increasingly cold from alae 11 
to nasal bridge, merging laterally 
with cold reJ;ions on cheeks . Thermo· 
graphic contrast obtainable only at 
very high gray-scale temperature 
ranges. e .g., 50°C. 
B Overa ll appearance mainly warm; yet 79 
thermograms not impressively differ-
entiated at moderate temperature 
ranges, i.e .. 20•C. 
C Usually good differentlat.ion into a LO 
.. photogenic" gray-scale thermogram 
immediately obtainable even at a 
s mall gray-scale temperature range. 
e .g .. l0°C . 
showed a cold area over the junction of the nasal 
bones and the frontal process of the maxilla, in 
some cases this area extending laterally onto the 
cheeks, and also in some cases linking over the 
nasal bones to form a cold area across the bridge of 
the nose. 
The inferior aspect of the nasal apex (Figs. 3- 5) 
showed an interesting variation in temperature. It 
was found that subjects usually had an apex 
distinctly warmer than the alae or one distinctly 
cooler, t he latter type being in the minority . Great 
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care must be taken in the interpretation of thermo-
grams of t his area because t he complex morphol-
ogy can introduce error by the change of apparent 
emissivity with angle. Nevertheless, it can be 
seen from the lateral thermogram of the nose close 
to normal incidence (e.g. , Fig. 2) that the alae and 
the distal region of the nasal bones are indeed 
cooler t han the surrounding regions. The nostrils 
may appear warm during expiration due to warm-
ing of the vestibule and septum, but cold during 
inspiration. Photographs should be taken during 




Physical factors involved in the calculation of 
skin temperature distribution have been reviewed 
by Draper and Boag [15] and some of the general 
pitfalls of technique and interpretation have been 
described by Gros, Bourjat, and Gautherie [16], 
van Dulken and Heerma van Voss [17J, Aarts ll8l, 
Atsumi [19], Ghys (20], and Wallace and Cade 
[21]. 
The emissivity of the skin is of great importance 
in the thermographic examination of the face 
since. although at normal incidence, it is usually 
taken to be constant and equal to about 0.98. The 
apparent emissivity decreases as the normal to the 
surface of the skin moves away from the optic axis 
of the camera. ln a region of complex morphology 
the consequent introduction of error can be very 
large indeed. The question of the determination of 
an acceptable limit of obliquity has been investi-
gated theroretically by Watmough, Fowler, and 
Oliver [22]. Their work gave a value of about 40° . 
Lewis, Goller, and Teats [23 ], doubting the valid-
ity of this theoretical work, experimentally found 
an acceptable limit at about 70°. Once the algebra 
TABLE H . Thermographic patterns in 100 adults: 
approximate thermal classificat ion by region 
Relative\\· Intermediate Relativelv hot area~ cold a reas 
Inside of orbit• Forehead Nose: alae nasi 
Upper eyelid; sulcus Upper eyelid Nose: bridge 
External acoustic Lower eyelid Ear: lobe 
meatus 
• aso.Jabial folds Cheeks Ear: antehelix 
Nose: orbital surface Nose: tip and helix (the 
near the inner Lips latter being 
canthus Ear: concha part icularly 
cold) 
• The exposed cornea of all subjects was cool. but was 
not studied in detail. The factor of evaporation makes its 
surface temperature variable and this is known to fall 2° 
to 4 °C after blinking. which can be shown by continuous 
thermoscanning (T. D. Sabin, personal communication, 
1972}. 
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of the former paper is corrected (14] it can be seen 
that theory and experiment are in quite good 
agreement, notwithstanding the theoretical objec-
tions raised in the latter paper. Thus, although the 
limit is not stringent, during the present investiga-
tions we have thermographed areas of the face held 
as nearly as possible perpendicular to the optic axis 
of the camera. 
Even for areas of the body viewed at approxi-
mately normal incidence, the thermograph does 
not necessarily display the exact pattern of radia-
tion in tensity received by the camera. Factors 
determining the resolution include the local tem-
perature gradient, the speed of scanning, the rate 
of response of the detector and its circuitry, and 
the distance of the subject. These factors have 
been investigated by Macey and Oliver [24], but 
the only one which need concern us here is that of 
subject distance. Using a similar AGA Thermovi-
sion model 652, Macey and Oliver found that 
optical factors can lead to a variation with distance 
in the temperature differences indicated by the 
isotherm settings, as contrast varies. To avoid this 
calibration variation with subject distance, we 
maintained fixed focus by positioning the second-
ary mirror of the camera at the end of its traverse. 
The face of the subject was t hen moved into focus 
as appropriate. Since the camera uses a Maksutov 
optical system, we were able to increase the 
magnification by removing the negative lens at the 
front without introducing any significant optical 
aberrations. 
Clinical Correlations 
Not long after Hutchinson 's observations [3] 
that skin tuberculosis may be associated with 
chilblains, various authors drew attention to the 
importance of the cold nasal cavity in lepromatous 
leprosy as an important site for the lodgement, 
multiplication, and dissemination of bacilli. The 
entire subject of temperature in relation to skin 
diseases was reviewed in a mongraph by Haxthaus-
en in 1930 (4 ], with emphasis on the physical 
effects of cold on small cutaneous vessels. Binford's 
advice [6] to inoculate the cooler parts of experi-
mental animals in attempting to achieve in vivo 
growth of M. leprae was based on similar clinical 
observations to those which led Brand [25] to relate 
leprous deformities to the most regularly cold 
parts of the body, rather than to those damaged by 
external trauma. Having established the mouse 
foot pad as a reliable model for t he growth of lep-
rosy bacilli, Shepard [26,27] suggested that tem-
perature optimum and preferred sites are around 
30°C for this organism in both man and the experi-
mental animal. Thermography was used by Hast-
ings et a) [28 ], and Sabin and Ebner [29] to show 
clearly that in lepromatous leprosy bacterial den-
sity and patterns of sensory loss in the skin are 
closely related to skin temperature, the cooler 
areas being more heavily affected. The present 
study confirms this link; the distribution of lesions 
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in lepromatous (but not other forms of) leprosy 
(Figs. 7,8) conforms with the cold areas revealed 
by closeup thermography and isotherm mapping 
(Figs. 1-4) of normal adults. Whether the low 
temperature in these sites directly favors the 
growth of M . leprae, or perhaps depresses cell-
mediated immune responses [30 ], has yet to be 
established. but these two factors seem relevant 
to the extraordinary success of the nine-banded 
armadillo (core body temperature 32-35°C} as an 
animal model for leprosy [7 ]. 
In the perplexing context of sarcoidosis, no 
explanation has ever been offered for the known 
distribution of lupus pernio in the cold areas, and 
it is interesting to note that t hese must now include 
t he cold nasal cavity, where lesions are being 
reported with some frequency [31] (Fig. 9). While a 
mycobacterial etiology has been considered for 
many years in the case of sarcoidosis, t he evidence 
is still conflicting; almost certainly a large number 
of factors, including marked differences in racial 
susceptibility, plays a part in the production of 
lupus pernio, as in sarcoidosis generally [32]. In the 
case of lupus vulgaris, a known mycobacterial 
etiology raises the possibility that the organism 
finds a cool tissue conducive to lodgement and 
growth, though this is obviously not a factor 
restricting the pathogencity of human or bovine 
organisms in other body tissues. Here again, other 
factors, such as oxygen and carbon dioxide ten-
sions, the route of inoculation {blood-borne. from 
nearly lymphatics. or direct ). and micro,·ascular 
architecture [10] may all have a bearing. In the 
FIG. 7. Lepromatous leprosy: active and untreated. ln 
the general mass of nodules, the nasal rim is heavily 
affected, and more so than other parts of the nasal skin. 
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FIG. 8. Lepromatous leprosy, subsiding after 3 years' 
treatment with dapsone. There are marked residual 
changes in the tissues of the nasal rims, with a tendency 
to spare the intervening skin a rea on the undersurface of 
the nose. 
FtG. 9. Sarcoido is; lupus pernio; involvement of the 
right and, to a lesser extent. of the left nostril rim. 
case of leishmaniasis. the influence of low tempera-
ture on the organism is considerably more impres-
sive [33-35 1, although there is also good evidence 
for the importance of cell-mediated immune re-
sponses in determinin~?: the clinical response [361. 
Recently, us ing Leishmania enriettii intravenously 
in the guinea pig. Kanan [37) demonstrated lesions 
in the cool areas of the skin and in those areas of 
nasal mucosa exposed to the cool air stream, and 
discussed the various factors. including low tem-
perature, which might account for this finding. 
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In the present study, one of the most consistently 
cold areas was the ear (Tab. II), particularly the 
tragus, lobule, helix, and the raised portions of the 
areas between it and the concha, i.e. , around the 
antehelix, where warm areas are also rare. Both the 
ear and the nasal septum are well recognized as 
sites of leprosy bacilli. It seems that they are 
regions of the human body which are cool because 
of their high ratio of surface area to tissue volume, 
although their lability of blood supply and distinc-
tive pattern of vasculature, as developed neonatal-
ly, may also be important. 
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